The iris is used as a reference for the study of unique biometric marks in people. The analysis of how to extract the iris characteristic information represents a fundamental challenge in image analysis, due to the implications it presents: detection of relevant information, data coding schemes, etc. For this reason, in the search for extraction of useful and characteristic information, approximations have been proposed for its analysis. In this article, it is presented a scheme to extract the relevant information based on the Hough transform. This transform helps to find primitive geometries in the irises, which are used to characterize each one of these. The results of the implementation of the algorithm of the Hough transform applied to the location and segmentation of the iris by means of its circumference are presented in the paper. Two public databases of iris images were used: UBIRIS V2 and CASIA-IrisV4, which were acquired under the same conditions and controlled environments. In the pre-processing stage the edges are found from the noise elimination in the image through the Canny detector. Subsequently, to the images of the detected edges, the Hough transform is applied to the disposition of the geometries detected.
Introduction
The iris recognition has become one of the most used methods in biometric recognition systems due to the unique characteristics of the iris and also for its steady behavior throughout the life of the human being [1] .
There are different biometric authentication systems that are based on the How to cite this paper: Paulín-Martínez, F.J., Lara-Guevara, A., Romero-González, R.M. and Jiménez-Hernández, H. (2019) Implementation of the Hough Transform for Iris Detection and Segmentation. Advances in Molecular Imaging, 9, 6-18. Advances in Molecular Imaging characteristics of an individual. Recognition of face, fingers, voice and iris are among the most used characteristics for recognition [2] . Currently, iris recognition is also used in different security systems, and recently, in clinical application systems.
In [3] it is mentioned that one of the main complications that have arisen to carry out the iris recognition has been the distance in which the image is acquired. When an image is obtained at a distance greater than 3 m, the iris image regularly becomes blurred, and, therefore, deficient in details such as to identify the texture of the iris due to the loss of information compared to images that are obtained at a smaller distance. In [1] other problems are identified, such as movement, lighting and noise, as well as the present refraction in the images. In addition to the obstruction of the eyelids, the use of glasses and hair prevent obtaining a complete image of the iris.
In [1] it is considered that the fundamental objective of the segmentation process is to extract the iris texture from the structures that surround it, for example, the pupil, the eyelids, the sclera and to eliminate or reduce reflections of light in the iris. In recent years, segmentation methods have been presented with the aim of increasing the percentages of success in the identification. To facilitate segmentation processes, different iris databases have been used, in different sizes, distances and positions.
Due to the fact that the images obtained regularly are not exclusively from the iris, and in them there are other elements that represent noise, it is necessary to implement techniques and algorithms to be able to separate the iris from the rest of the elements. One of the most common ways to achieve this is through the morphology of the object, which in this case focuses on the detection of the circles within the image corresponding to the iris and the pupil [4] .
The importance of correct iris segmentation without losing the properties of the image is not only relevant for the authentication and security systems, but also for the health area, mainly where the iris is the object of study, the conservation of colors and textures is important. Several studies related to the processing of images involving iris data have been carried out, mainly by [5] and [6] , which has focused on the study of new methods of iris recognition; [7] in the segmentation and parameterization of iridological images.
The identification of shapes by means of their edges in the images facilitates the classification of objects. In order to carry out the identification, some figures can be formed by the edges that compose them. [8] and [9] use the Canny's method with the first derivative for edge detection, based on the variation of intensity between pixels.
Canny's method was used by [10] in 2004, [11] in 2007, [12] in 2013, [13] in 2015, [14] [22] using different methodological approaches that mostly aimed at the elimination of noise, the location of the eye, and location of the center of the pupil, using different techniques to achieve iris segmentation. In [18] and [19] the Hough transform was used to detect the center of the pupil and from it to project the iris. Using different techniques for the elimination of noise on the images, in [19] the elimination of noise was made by applying a Gaussian filter. It is important to note that, in the investigations described above, the iris detection tests were carried out on images belonging to the same database, for which, in this research, it was decided to use a database more to homogenize them in the same environment, applying techniques of pre-processing images such as conversion to gray scale and negative.
Methodology
The methodology used for iris identification and segmentation was developed by [1] and [7] . The methodology consists of six main phases: 1) image acquisition,
2) pre-processing, 3) iris localization, 4) edge localization, 5) iris extraction, and 6) post processing. Figure 1 shows graphically each of the component phases, as well as the algorithms used to fulfill its function.
Acquisition Phase
Two databases of iris images were used in this phase:
• UBIRIS V2. Facilitated by SOCIA Lab: Soft Computing and Image Analysis
Group of the Department of Computer Science, University of Beira [23] .
• -CASIA-IrisV4. Provided by the Center for Biometrics and Security Research of the Institute of Automation, Chinese Academy of Sciences [24] .
Characteristics of used databases are described in Table 1 . In the case of the CASIA-IrisV4, database is divided into different categories depending on the conditions in which the acquired image was taken. Figure 2 . Image of the iris in CASIA-IrisV4. Source: [24] . 
Pre-Processing Phase
Acquired images went through a previous process also called pre-processing in [1] , mainly due to the fact that photographs were obtained by different devices and conditions. Images that were obtained in color were transformed to gray scale in order to work better with them, as shown in Figure 4 .
In order to carry out iris segmentation, a set of image processing techniques described in [1] and [7] were used. Among them, it can be found: binarization, negative and Otsu method, which were selected with base on those that contributed to minimize the error in characterizing the iris.
This phase improved the image since it eliminated light reflections in images, which can be produced by the device with which the image is acquired or by the environment in which it is taken.
Based on a grayscale image, an inverse or negative was applied to it, in order to eliminate areas that were not relevant for this study. To calculate the inverse or negative of the image, it was applied Equation (1).
where i, j represent each pixel, f the original image and n the number of bits in the image. The result of the application of the negative on Figure 4 is shown in Figure 5 .
The binarization allowed transforming an image which was originally in gray scale to a black and white image. This transformation is regularly based on a threshold, where all the pixels that make up the image are evaluated, and if these are below the established threshold, they become 0, otherwise they become 1. 
Phase of Edge Localization
Canny's algorithm was used to detect the edges present in the image and to facilitate the object identification, mainly circles, by means of the Hough transform.
The edge detection was made taking into account the intensity variation existing between one or more regions present in an image.
[8] Points out that Canny's method uses the first derivate for the edge detection, taking into account the intensity: in those regions where the intensity does not change, it is established a value of 0, while in the case of a sudden intensity change, a value of 1 is established. These characteristics are used for edge detection.
Phase of Iris Localization and Extraction
In this phase, several tests were performed with different algorithms to locate the iris structure. [1] Proposes to use HOG for describing the structure and vector support machines and their classification. For the iris extraction phase, the initial identification of the pixels was implemented to see which ones belonged to the iris in order to extract them. Finally, the post-processing phase involved separating the pupil leaving only the iris. It was necessary to improve the contrast of used images before beginning the iris recognition process. The Retinex algorithm was proposed by [1] to improve the contrast in images. This algorithm uses the image decomposition (S) into two different images; in one of them, the illumination (L), and in the other one the reflection (R), for each one of the pixels that make it up. This decomposition allows removing light effects that cause contrast inconsistencies [1] . In recent years, this algorithm of the Equation (2) has had several corrections, as described in [25] .
Results
In order to facilitate the iris identification by means of Hough's transform in images used, it was necessary to implement image pre-processing algorithms. In the particular case of binarization, the optimal value of the threshold was sought, in such a way that no relevant details of the iris were lost, nor they were mixed with the rest of image elements. To find the binarization threshold, a set of tests were performed on the images considering its grayscale histogram. Figure 6 shows the histogram of one of the images used. The value of the optimal threshold used was selected taking into account two criteria: the first, considering that the pupil is regularly black, the image was given a negative. Pixels that had a value close to 255 (those of lighter color) were looked for. Second, when the value was too high, parts of the iris were lost, so it was necessary to identify the value that would allow differentiating the circularity in the iris without losing parts of it.
In Figure 7 it can be seen how increasing the threshold level, the iris circularity Advances in Molecular Imaging became easier to identify, since it was differentiated from the other elements or components of the image that have a circular shape.
The algorithm employed in Canny's method allowed identifying irregular edges of the iris circularity. This method detected edges using the first derivate:
taking a value of zero in those regions where there was no intensity variation and a constant value in every transition, which allowed an intensity change to be reflected in a sudden variation of the first derivate. The edge identification facilitated to some extent the recognition of circumferences for the iris detection and the pupil separation. Figure 8 shows the application result of Canny's method on Figure 7 , to which the gray scale, the negative and the binarization had previously been applied. Once edges were identified, figures that had a partial or complete circumference were detected, trying to locate the iris. Within images used after the application of the pre-processing algorithms, the main circumference was that corresponding to the iris. Although it was a regularly partial circumference because it was commonly obstructed by objects such as eyelashes, eyelids or the use of glasses, this was the most significant within the image.
In the circumference identification, the Hough transform implemented by [1] [15], and [9] was used. Because images were obtained under a controlled medium in terms of the distance that was taken, a standard radio measurement was used as a parameter in the Hough transform, as well as the detection thresholds, looking for only one circumference to be located: the one corresponding to the radio. The sensitivity threshold value is found on a scale of 0 to 1. Several tests were performed so that only the most defined circumference within the image was identified. It should be noted that, in most of the images, the iris circumference was not totally defined by the presence of other objects such as: eyelids, eyelashes, hair or the presence of other objects. Figure 9 shows the identification result of circumferences using different thresholds and where the value of the optimal threshold for iris identification was: 0.98.
For the identification of circumferences by means of the Hough transform, the minimum and maximum ranges of the radii that one wanted to find were modified, the appropriate value of the range used depends on the number of pixels that make up the iris, in order to find a single circumference within the image. This value depends on the size and distance of the device, as well as the resolution of the image. The iris segmentation techniques currently employed turn out to be very precise from 96% in [5] to 99% as in [6] [18] and [19] . However, the percentage of effectiveness is diminished when different environments are integrated in the acquisition of the images. Through this method the identification of the iris was achieved correctly even in the presence of objects that partially or totally obstruct the iris, as is the case of the use of lenses (Figure 11(a) ) or by objects close to the area of interest: eyelashes, Eyelids or hair (Figure 11 (b) and Figure 11 (c)).
Discussion
To perform correct iris segmentation, it was necessary that images were acquired under the same conditions. To facilitate the segmentation process, it was necessary to ensure that from the acquisition phase of the image it had been taken correctly, making sure that there were no objects that partially or Figure 11 . Identification in the presence of objects that partially or totally obstruct the iris. completely obstructed the iris, thus facilitating the detection work. One of the main problems presented from databases used was that, in most iris images, the iris did not appear complete, having regularly partial obstruction by an additional object, mainly the eyelid, the eyelashes, the hair or the use of glasses.
Due to the fact that images were obtained by sensors, in conditions of different luminosity and distance, each image required its own thresholds for binarization and for the Hough transform in the circumference identification.
For iris segmentation, two circumferences that delimited the internal and external part of the iris were identified. The external circumference in the regularly used images was not complete, so the Hough transform was used to complete it. The internal circumference was complete in most cases in databases used, however, the main problem was to find the correct contrast to separate the pupil from the iris, because there was a contrast that was not very easy to differentiate.
Conclusions
The Hough transform can be used for iris detection due to its circular structure. The definition and the right following up of the process suitable for image processing facilitate the detection and segmentation of the iris. The distance and the appearance of circular objects within an iris image make it difficult to locate it by means of this method. The correct determination of the optimal thresholds for binarization, the Canny method and the Hough transform are crucial for the correct detection of the iris and to avoid showing false positives in the identification.
There are multiple factors that make the correct identification difficult to take place, such as: the distance, the device (sensor), the lighting, the environment, the quality and the space in which the image is acquired.
By establishing a formal process for iris identification, from the acquisition phase, if the criteria are defined and applied to be considered as a clean image, the task of the following phases will be facilitated.
The algorithm determination to be implemented to achieve segmentation must consider conditions in which the images were acquired and in accordance with the databases used. In this way, each phase of the process will fulfill its function and will contribute to improve the image and to remove elements that are not relevant for the segmentation process.
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